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3. ATTORNEY 

Name (8 1 97) Patent Attorney YOSHIDA Yutaka 
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4. SUBJECT TO BE AMENDED 

Specification 
Claim 

5. DESCRIPTION OF AMENDMENT 

As stated in the annexed. 

(1) Amended in Specification P. 3, L. 6, "an elastic member installed at a position 
between the second joint and a floor contact end of the foot; and a displacement sensor 
installed in a space defined by a top-to-bottom height of the elastic member" to — an 
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elastic member that contracts in response to a load and is installed at a position between 
the second joint and a floor contact end of the foot; and a displacement sensor installed in 
a space defined by a top-to-bottom height of the elastic member — . (As underlined) 

(2) Amended in Specification P.3, L. 18, "As recited in claim 2 mentioned below, 
the invention is arranged such that a plurality of the elastic members are installed at the 
position between the second joint" to — As recited in claim 2 mentioned below, the 
invention is arranged such that a plurality of the elastic members having cylindrical 
shapes are installed at the position between the second joint — . (As underlined) 

(3) Amended in Specification R8, L. 7, "in or adjacent to an elastic member 
positioned between the second joint and the foot" to — in or adjacent to an elastic 
member that contracts in resp onse to a load and is positioned between the second joint 
and the foot — . (As underlined) 

(4) Amended in Claim 1, L. 4, "an elastic member" to — an elastic member that 
contracts in response to a load and is — . 

(5) Amended in Claim 2, L. 1, "a plurality of the elastic members are installed at 

the position between the second joint and the floor contact end of the foot" to a 

plurality of the elastic members having cylindrical shap es are installed at the position 
between the second joint and the floor contact end of the foot — . (As underlined) 

(6) Amended in Claim 16, L. 4, "an elastic member positioned" to — an elastic 
member that contracts in response to a load and is positioned — . 



6. PAPERS ATTACHED HERETO 

Specification Replaced papers of R 3 and R 8. 1 
Claim A replaced paper of R 5 1 and 54. 1 

(Note: the numbers of pages and lines in Specification and Claim are expressed in 
accordance with the English text.) 
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since space at the feet is limited, only the sensing elements, a partial component of 
the sensor, are disposed at an elastic member. However, displacement sensors 
should preferably include the other components such as a converter or the like and 
be compact enough to be installed there. 

DISCLOSURE OF THE INVENTION 
A first object of the invention is to eliminate the drawbacks of the 
above-mentioned prior art, and to provide a legged mobile robot, in which a sensor 
including its component such as a converter or the like is made compact enough to 
be housed in elastic members at a limited space of each foot of a legged mobile 
robot. 

Further, when a sensor is installed at each foot of the legged mobile 
robot, since it is exposed to the impact at foot landing as mentioned above, in order 
to improve the detection accuracy, it is preferable to self-diagnose abnormality of 
the sensor. 

A second object of the invention is, therefore, to provide a legged 
mobile robot, in which the sensor is installed at each foot of the legged mobile robot 
and abnormality of the sensor can be self-diagnosed to improve reliability. 

Further, for achieving more stable walking of the legged mobile robot, in 
addition to detecting the presence or absence of foot landing, it is preferable to 
detect a floor reaction force acting on the foot. 

A third object of the invention is, therefore, to provide a floor reaction 
force detection system of a legged mobile robot, in which a displacement sensor is 
installed at the foot of the legged mobile robot such that the floor reaction force 
acting on the foot can be detected based on an output thereof. 

In order to achieve the first object, as recited in claim 1 mentioned 
below, the invention provides a legged mobile robot having at least a body and a 
plurality of legs each connected to the body through a first joint and each having a 
foot connected to a distal end of the leg through a second joint, comprising: an 
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elastic member that contracts in response to a load and is installed at a position 
between the second joint and a floor contact end of the foot; and a displacement 
sensor installed in a space defined by a top-to-bottom height of the elastic member 
such that a displacement of the floor contact end of the foot relative to the second 
joint can be detected. Thus, since it is arranged such that an elastic member is 
installed at a position between the second joint and a floor contact end of the foot 



and a displacement sensor is installed in a space defined by a top-to-bottom height 
of the elastic member such that a displacement of the floor contact end of the foot 
relative to the second joint can be detected, it becomes possible to dispose the sensor 
including its components such as a converter or the like is made enough to be 
housed in the elastic member at a limited space of the foot of the legged mobile 
robot. 

As recited in claim 2 mentioned below, the invention is arranged such 
that a plurality of the elastic members having cylindrical shapes are installed at the 
position between the second joint and the floor contact end of the foot, at separate 
locations viewed from top. Since it is arranged such that such that a plurality of the 
elastic members are installed at the position between the second joint and the floor 
contact end of the foot, at separate locations viewed from top, it becomes possible to 
make the sensor compact enough to be housed in the elastic member at the limited 
space of each foot of the legged mobile robot and to optimize elasticity of the foot. 
In other words, the foot of the legged mobile robot should preferably have 
appropriate elasticity for both of the bending (rotational) direction and up-and-down 
direction. However, if the elastic members are unevenly gathered about the center of 
the foot, for instance, the requirements contradict and it becomes difficult to satisfy 
both of the requirements. If the elastic members are installed at separate locations 
viewed from top, e.g., near the edge (periphery) of the foot, the contradicted 
requirements can be achieved by the above-mentioned configuration. 

As recited in claim 3 mentioned below, the invention is arranged such 
that the displacement sensor is housed in the elastic members such that the 
displacement of the floor contact end of the foot relative to the second joint can be 
detected. Since it is arranged such that the displacement sensor, more specifically 
the displacement sensor having a sensing element and the converter, is housed in the 
elastic members and the displacement of the floor contact end of the foot relative to 
the second joint can be detected, it becomes possible to make the sensor including 



its component such as the converter or the like compact enough to be housed in the 
elastic member at the limited space of the foot of the legged mobile robot. 

As recited in claim 4 mentioned below, the invention is arranged such 
that the displacement sensor is provided in vicinity of the elastic members such that 
the displacement of the floor contact end of the foot relative to the second joint can 
be detected. Since it is arranged such that the displacement sensor, more specifically 
the displacement sensor having the sensing element and the converter, is provided in 
vicinity of the elastic members such that the displacement of the floor contact end of 
the foot relative to the second joint can be detected, similarly it becomes possible to 
make the sensor including its component such as the converter or the like compact 
enough to be housed in the elastic member at the limited space of the foot of the 
legged mobile robot. 



and that the displacement sensors are installed in vicinity of the elastic members. 
Since it is arranged such that a plurality of the elastic members are installed in the 
space defined by the first and second rigid members at separate location when 
viewed from top, and the displacement sensors are installed in vicinity of the elastic 
members, in addition to the effect mentioned with reference to the above-mentioned 
claim, it similarly becomes possible to make the displacement sensors compact 
enough to be housed at the limited space of the foot of the legged mobile robot. 

As recited in claim 14 mentioned below, the invention is arranged such 
that the displacement sensors each comprises a spring and a pressure-sensitivity 
sensor. Since it is arranged such that the displacement sensors each comprises a 
spring and a pressure-sensitivity sensor, in addition to the effect mentioned with 
reference to the above-mentioned claim, the structure of the sensor can be made 
further compact. 

As recited in claim 1 5 mentioned below, the invention is arranged such 
that rigidity of the spring is set to be lower than that of an elastic member. Since it is 
arranged such that rigidity of the spring is set to be lower than that of an elastic 
member, in addition to the effect mentioned with reference to the above-mentioned 
claim, it becomes possible to prevent the function of the elastic member to attenuate 
oscillation from being degraded. 

As recited in claim 16 mentioned below, the invention provides a legged 
mobile robot having at least a body and a plurality of legs each connected to the 
body through a first joint and each having a foot connected to a distal end of the leg 
through a second joint, comprising: a displacement sensor installed at a position in 
or adjacent to an elastic member that contracts in response to a load and is 
positioned between the second joint and the foot and producing an output indicative 
of a displacement of the floor contact end of the foot relative to the second joint; and 
a floor reaction force calculator calculating the floor reaction forces acting on the 
foot based on the output of the displacement sensor. Thus, since it is arranged to 



■ • 



install a displacement sensor producing an output indicative of a displacement of the 
floor contact end of the foot relative to the second joint such that a floor reaction 
force calculator calculates the floor reaction forces acting on the foot based on the 
output of the displacement sensor, it becomes possible to calculate the floor reaction 
force accurately, thereby enabling to control the legged mobile robot to walk more 
stably. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is an explanatory perspective view showing an overall 
configuration of a legged mobile robot and 
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CLAIMS 

1 . (Amended) A legged mobile robot having at least a body and a plurality of 
legs each connected to the body through a first joint and each having a foot 
connected to a distal end of the leg through a second joint, comprising: 

an elastic member that contracts in response to a load and is installed at a 
position between the second joint and a floor contact end of the foot; and 

a displacement sensor installed in a space defined by a top-to-bottom height of 
the elastic member such that a displacement of the floor contact end of the foot 
relative to the second joint can be detected. 

2. (Amended) The robot according to claim 1, wherein a plurality of the elastic 
members having cylindrical shapes installed at the position between the second joint 
and the floor contact end of the foot, at separate locations viewed from top. 

16. (Amended) A floor reaction force detection system of a legged mobile 
robot having at least a body and a plurality of legs each connected to the body 
through a first joint and each having a foot connected to a distal end of the leg 
through a second joint, comprising: 

a displacement sensor installed in or adjacent to an elastic member that 
contracts in response to a load and is positioned between the second joint and the 
foot and producing an output indicative of a displacement of the floor contact end of 
the foot relative to the second joint; and 

a floor reaction force calculator calculating the floor reaction forces acting on 
the foot based on the output of the displacement sensor. 
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